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Abstract
The most frequent postoperative complication after breast surgery is seroma formation. Seroma occurs due to
lymphatic and vascular fluid leakage into the dead space created by surgical dissection.
The objective of the research was to evaluate the effects of local fibrin glue, tetracycline, talc applications, and
flap fixation technique on reducing seroma formation after mastectomy and axillary dissection. In addition, we
aimed to determine the level of efficacy for these applications, as well as to identify the most appropriate method
to be used in operations with high risk of seroma formation.
Materials and Methods. This experimental study was conducted using a total of 60 female Wistar albino
rats. They were allocated into six groups and each comprised ten rats. Unilateral mastectomy and axillary
dissection were performed on all the rats. Local applications of fibrin glue, tetracycline, talc, and alcoholic
iodine were performed in four separate groups. Flap fixation technique was applied in one group and those
rats that did not receive any intervention constituted the control group. On the 10th postoperative day, seroma
was aspirated under anesthesia, and the amount of seroma fluid was recorded. Seroma fluid was analyzed for
interleukin 1-β , vascular endothelial growth factor, and C-reactive protein levels. Tissue samples were obtained
from the skin overlaying the dissection area, the axilla, and the thoracic wall. Wound healing was evaluated with
histopathological examination.
Results. Seroma volume was lower and the wound healing scores were the highest in the flap fixation group
and the tetracycline group as compared to the control group. However, the alcoholic iodine group and the talc
group had a greater amount of seroma (p < 0.05). There was no difference between the fibrin glue group and
the control group.
Conclusions. In our mastectomy model, local application of alcoholic iodine and talc substances caused more
wound site problems and postoperative seroma formation. While fibrin glue did not cause wound site problems, it
did increase seroma formation. These three substances were determined to be inefficacious in postoperative
seroma formation. Local tetracycline application and flap fixation technique were found to reduce postoperative
seroma and benefit wound healing.
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Problem statement and analysis of the
latest research
Breast cancer is currently the most common cancer among
women. The lifetime risk of breast cancer in women is 12-
13%, and one in every eight women is at risk of developing
breast cancer [1]. The gold standard for treatment is surgery,
although several complications may develop in all surgical
interventions. These are mainly wound infection, hematoma,
seroma, nerve injury, and lymphedema. They all occur more
frequently after mastectomy and axillary dissection. The most
common complication is seroma, with a prevalence ranging
from 10% to 50% [2, 3]. Seroma can develop after any sur-
gical procedure that involves preparation of a skin flap and
occurs as a result of lymphatic or vascular fluid leakage into
the dead space created by surgical dissection [4]. Although
there is no clear definition of seroma in the literature, it can
be described as a painful condition that causes fluctuation
and tension after mastectomy and eventually requires needle
aspiration [5]. As seroma generally regresses within a few
weeks after aspiration, most surgeons consider it more tolera-
ble than other serious complications [6]. However, seroma can
lead to more serious complications such as wound infection,
lymphedema, flap necrosis, prolonged hospital length of stay,
sepsis, and delay in the initiation of adjuvant treatment [7, 8].
Various methods have been used to prevent seroma formation,
including flap fixation with sutures, application of bovine
thrombin, fibrin glue, talc, tranexamic acid, tetracycline, or
other various antineoplastic agents, to enhance local fibrosis.
The objective of the research was to evaluate the effects
of local fibrin glue, tetracycline, and talc applications, flap
fixation technique and alcoholic iodine on reducing seroma
formation after mastectomy and axillary dissection. In addi-
tion, we aimed to determine the level of efficacy for these ap-
plications, as well as to identify the most appropriate method
to be used in operations with high risk of seroma formation.
Materials and Methods
Experimental Animals and Groups
This experimental study was conducted on 60 female Wis-
tar albino rats weighing 200-250 grams at the age of 12-16
weeks. All the rats received a standard chow and water and
were maintained in a 12-hour light/dark cycle at a constant
temperature (22 ± 2◦C).
The rats were divided into six groups: Group 1 (the con-
trol group) (n=10); Group 2 (the flap fixation group) (n=10);
Group 3 (the fibrin glue group) (n=10); Group 4 (the tetra-
cycline group) (n=10); Group 5 (the alcoholic iodine group)
(n=10); Group 6 (the talc group) (n=10).
Operation Technique
Following anesthesia with intraperitoneal ketamine (Ketalar®,
Parke-Davis & Co. Inc., 90 mg/kg) and xylazine (Rompun®,
Bayer 10 mg/kg), unilateral mastectomy and axillary dissec-
tion were performed on all the rats using the method described
by Harada [9]. After providing hemostasis in the control
group, no additional intervention was applied. In the flap fixa-
tion group, the skin flap was fixated to the underlying muscle
tissue with 4/0 Vicryl sutures. In the fibrin glue group, fibrin
glue was applied locally to cover the whole surgical area. In
the tetracycline group, the surgical site was rinsed with 3 cc of
the solution that was prepared by dissolving 2 g of tetracycline
in 150 cc of saline. In the talc group, the surgical site was
rinsed with 3 cc of a homogenous solution prepared by mixing
10 g of talc in 100 cc of saline. In the alcoholic iodine group,
the surgical site was washed with 3 cc of solution containing
10% povidone-iodine and 30% ethyl alcohol. The skin was
closed with 3/0 sharp silk or Prolene suture.
After the operation, the rats were monitored for 10 days.
During this time, the viability of rats, arm movements, wound
healing conditions, wound infection, flap necrosis, and seroma
formation were recorded. On the 10th postoperative day,
the surgical area was reopened under ketamine-xylazine anes-
thesia. Seroma fluids were aspirated with sterile injectors
and the amount of the aspirated fluid was recorded. Seroma
fluid samples were analyzed for interleukin (IL) 1β , vascu-
lar endothelial growth factor (VEGF), and C-reactive protein
(CRP) levels. Tissue samples were obtained from the skin
overlaying the dissection area, the axilla, and the thoracic wall
for histopathological examination. After all these procedures,
the rats were sacrificed via exsanguination.
Histopathological Examination
The segment fixated in a 10% formaldehyde solution was
embedded in paraffin, and serial sections with a 5-micrometer
thickness were obtained. The sections were either stained
with hematoxylin and eosin (H&E) or Masson’s trichrome
dye to detect early collagen content. The wound healing score
was assessed as described by Greenhalg et al. [10] (Table 1).
The absence of inflammatory cells, profound fibroblastic ac-
tivity, new collagen formation, and neovascularization were
accepted as excellent wound healing, whereas the opposite
condition was accepted as poor healing.
Biochemical Analysis Methods
For biochemical analysis, the aspirated seroma fluids were
centrifuged at 4,000 rpm. As acute phase reactants, IL-1β ,
CRP, and VEGF (which indicate the presence of inflammation)
were measured in seroma fluid using rat-specific ELISA kits.
Statistical Methods
IBM SPSS Statistics version 21 (IBM Corp., Armonk, NY)
software package was used for data analysis. The distribution
characteristics of the measured amounts of seroma fluid, and
seroma fluid IL-1β , CRP and VEGF levels were assessed
with the Kolmogorov Smirnov and Shapiro-Wilk tests. Since
all the data showed normal distribution, analysis of variance
with the Tukey HSD post-hoc test was used for comparisons
between the groups. As wound healing scores were categor-
ical data, they were evaluated using the Kruskal-Wallis test.
Data were expressed as mean ± SD (standard deviation) for
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Among all the rats included in the study, two rats in the al-
coholic iodine group died within the first two hours after
the surgical procedure. In addition, two rats each from the al-
coholic iodine group and the talc group developed wound
dehiscence.
Table 2 presents the amounts of seroma fluid, and seroma
fluid VEGF, CRP, and IL-1β levels (mean ± SD) across
the study groups, whereas Table 3 shows p-values obtained
from the comparisons of the studied parameters.
In comparison to the control group, the amount of seroma
fluid was significantly higher in the flap fixation group and
the tetracycline group, whereas it was significantly lower in
the alcoholic iodine group and the talc group (p < 0.05). There
was no statistically significant difference between the fibrin
glue group and the control group. When comparing the groups
in relation to each other, there was no difference between
the flap fixation and the tetracycline group (p=0.96), while
the amount of seroma fluid was significantly lower in these
two groups as compared to the rest of the groups.
Biochemical Findings
The control group had the lowest mean VEGF levels. All
the groups with local substance application had significantly
higher mean VEGF levels as compared to the control group
(p < 0.05). There was no statistically significant difference
between the flap fixation group and the control group (p=0.45).
VEGF levels were significantly lower in the flap fixation group
as compared to the other groups (the talc group was an excep-
tion).
The CRP levels were not statistically different between
the groups.
The tetracycline group had the lowest mean seroma fluid
IL-1β level, which was significantly lower as compared to
the fibrin glue group, the alcoholic iodine group, and the talc
group (p < 0.05). However, there was no significant difference
in comparison to the flap fixation group (p=0.44).
Histopathological Findings
Histopathological examination of the groups revealed the pres-
ence of foreign body reaction and a failure of wound healing
in the talc group. Therefore, the healing score assessment was
not applied to this group.
The best wound healing scores were observed in the tetra-
cycline group and the flap fixation group (Figures 1-3).
Figure 1. Infected seroma.
A: H&E ×100; B: Masson’s trichrome ×100; Arrow shows
unhealed (Score 2) wound.
(A)
(B)
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Figure 2. Wound healing in the flap fixation group.
A: H&E ×100; B: Masson’s trichrome ×100; Arrows display
profound collagen deposition (Score 5).
(A)
(B)
There was no statistically significant difference between these
two groups (p=0.20). They showed a significantly better
wound healing score as compared to the other groups (p < 0.05).
Discussion
Seroma is an abnormal accumulation of serous fluid within
the dead space that is formed under the skin flap, in the axilla
after mastectomy, or within the breast tissue after conservative
surgery. It is one of the most common wound site complica-
tions observed in the early postoperative period. This compli-
cation is a reason for the prolonged healing process and length
of hospital stay [7]. Although the pathogenesis of seroma for-
mation is not clearly known, injury to the axillary lymphatic
channels seems to be the most important cause [9]. Another
cause is the inflammatory process, which causes increased
vascular permeability due to increased blood and tissue con-
centrations of mediators such as histamine, prostaglandin, and
Figure 3. Wound healing in the tetracycline group.
A: H&E ×100; B: Masson’s trichrome ×100; Arrows display
moderate collagen deposition (Score 4).
(A)
(B)
adenosine. Inflammation alters local ionic concentrations and
creates a gradient in the potential space that draws more fluid
out of the cells. There are 3 main predisposing factors for
the formation of high amounts of seroma in the surgical site
after mastectomy and axillary dissection. These are: (I) the in-
terruption of lymphatic and vascular channels as a primary
source of fluid leakage into the surgery site; (II) the formation
of a potential dead space with dissection of the tissues, which
creates a reservoir for accumulation of the interstitial fluid;
and (III) the acceleration of seroma accumulation by elevation
and enlargement of the skin flap. After elevation of the skin
flap, local inflammation causes increased release of chemoat-
tractant agents, and a series of inflammatory events increase
serous drainage into the surgical site [11, 12]. Elimination
of the potential space, effective hemostasis, and ligation of
the damaged lymphatic channels during dissection are impor-
tant in preventing seroma formation.
Many experimental and clinical studies have examined
various surgical techniques and agents for their efficacy in pre-
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Table 2. Amount of seroma and seroma fluid VEGF, CRP and IL-1β concentrations across the groups.
Group Amount of seroma(cc) VEGF level CRP level IL-1β level
Group 1 (Control)
n=10 1.39 ± 0.19 232.49 ± 47.11 120.68 ± 20.11 1019.97 ± 129.28
Group 2 (Flap fixation)
n=10 0.67 ± 0.17 277.79 ± 29.32 147.07 ± 46.92 1013.71 ± 96.67
Group 3 (Fibrin glue)
n=10 1.66 ± 0.39 358.29 ± 59.67 131.34 ± 26.16 1179.26 ± 162.88
Group 4 (Tetracycline)
n=10 0.58 ± 0.18 354.14 ± 55.74 128.43 ± 19.76 913.36 ± 117.62
Group 5 (Alcoholic iodine)
n=8 2.11 ± 0.18 373.60 ± 35.34 127.23 ± 20.97 1183.67 ± 105.54
Group 6 (Talc)
n=10 2.15 ± 0.18 333.61 ± 83.83 145.57 ± 25.09 1203.95 ± 101.76
Table 3. P-values in comparisons of the groups.
Compared Groups* Amount ofseroma VEGF CRP IL-1β
Histopathological
score
1 2 <0.05 0.45 0.31 1 0.77
1 3 0.14 <0.05 0.95 0.05 0.44
1 4 <0.05 <0.05 0.99 0.37 <0.05
1 5 <0.05 <0.05 0.99 0.06 <0.05
1 6 <0.05 <0.05 0.37 <0.05 -
2 3 <0.05 <0.05 0.81 <0.05 <0.05
2 4 0.96 <0.05 0.68 0.44 0.2
2 5 <0.05 <0.05 0.68 0.05 <0.05
2 6 <0.05 0.23 1 <0.05 -
3 4 <0.05 1 1 <0.05 <0.05
3 5 <0.05 0.99 1 1 <0.05
3 6 <0.05 0.91 0.87 0.99 -
4 5 <0.05 0.97 1 <0.05 <0.05
4 6 <0.05 0.96 0.75 <0.05 -
5 6 0.99 0.65 0.74 0.99 -
Notes: *1: the control group; 2: the flap fixation group; 3: the fibrin glue group; 4: the tetracycline group; 5: the alcoholic iodine group;
6: the talc group.
vention of seroma formation after mastectomy. Flap fixation
technique involves fixation of the flaps to the chest wall with
subcutaneous sutures or tissue glue for the purpose of closing
the dead space and reducing seroma formation. Although
the scientific body of evidence favoring flap fixation after mas-
tectomy is convincing, a systematic review of flap fixation
technique [13] suggests that mechanical flap fixation seems to
reduce seroma formation and seroma aspiration after mastec-
tomy. In addition, randomized studies [14–16] reported that
mastectomy followed by flap fixation with either sutures or
adhesive tissue glue reduces the number of seromas requiring
needle aspirations as compared to cases of simple wound clo-
sure. The use of adhesive tissue glue and sutures seems to be
equally effective [14].
As sclerosant agents, tetracycline, talc, iodopovidone are
used to achieve chemical pleurodesis by triggering an inflam-
matory response [17, 18]. According to Rice et al. and Mc-
Carthy et al., local tetracycline application had no effect on
seroma formation after mastectomy and was associated with
severe pain [19, 20]. A study with erythromycin showed that
seroma formation was reduced with erythromycin applica-
tion [21]. Corynebactcrium parvum (CP) has non-specific im-
munostimulant and anti-tumoral activities and has been docu-
mented for its potent sclerosing agent as well. Tekin et al. [22]
showed reduced seroma formation with CP in a rat mastec-
tomy model. Although a case report [23] suggested, talc
might be a safe, cost-effective, and minimally invasive solu-
tion, a randomized phase II study [24] reported there was not
sufficient evidence to support its use for seroma prevention
following modified radical mastectomy in patients with breast
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cancer.
Seroma occurs during acute phase of inflammation. Ac-
cumulation of inflammatory mediators within the potential
space following surgery results in increased permeability and
leads to serous fluid collection. Steroids and non-steroid anti-
inflammatory drugs have been used in several studies to pre-
vent seroma formation since they inhibit inflammation [25].
In the present study, we evaluated the effects of fibrin glue,
tetracycline, and talc substance application and flap fixation
technique on postoperative seroma formation. The previous
methods have been found to be beneficial in reducing seroma
in rats after radical mastectomy and axillary node dissection.
Additionally, we evaluated alcoholic iodine and, although its
effect on seroma has not been examined before, we thought it
could benefit due to its cicatrizing property.
When evaluating the amount of seroma in different groups
of our study, we observed that tetracycline application and flap
fixation technique reduced the amount of seroma. By contrast,
fibrin glue, talc, and alcoholic iodine applications increased
postoperative seroma. There was no statistically significant
difference between the tetracycline group and the flap fixation
group regarding the reduction in seroma. Both groups were
found to be statistically better than the rest of the groups
including the control group.
The lowest concentrations of VEGF in the seroma fluid
were observed in the control group and the flap fixation group.
There was no statistically significant difference between these
two groups. As compared to these two groups, significantly
higher values were observed in the local application groups.
However, this difference did not correlate with the results for
seroma amount and wound healing scores.
Seroma fluid IL-1β values were significantly lower in
the flap fixation group and the tetracycline group as compared
to the other groups. These values were associated with the re-
sults regarding seroma amount and wound healing scores.
Higher IL-1β values were measured in groups that had more
seroma due to prolonged inflammation. The flap fixation
group and the tetracycline group had significantly lower val-
ues as compared to the alcoholic iodine group, the talc group,
and the fibrin glue group.
There was no statistically significant difference in seroma
fluid CRP values between the groups. They were not found to
be useful for assessment of wound healing.
The evaluation of histopathological scores of the groups re-
vealed that optimal wound healing occurred in the flap fixation
group and the tetracycline group. Median scores in the fib-
rin glue group and the alcoholic iodine group were lower
than those in the control group. The examination in the talc
group revealed the foreign body reaction and delayed wound
healing in this group. Therefore, this group was excluded
from scoring for wound healing. The flap fixation group and
the tetracycline group showed significantly superior wound
healing as compared to the other groups.
Conclusions
We observed that local application of alcoholic iodine and talc
substances caused increased wound site problems and post-
operative seroma in the mastectomy model. Although fibrin
glue did not cause wound site problems, it increased seroma
formation. These three substances were concluded to have no
benefit on postoperative seroma formation. Local tetracycline
application and flap fixation technique were found to reduce
postoperative seroma and contribute to wound healing. We
concluded that flap fixation technique and/or local tetracycline
application may be a viable option to reduce postoperative
seroma formation.
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